Abstract Eating disorders (ED) can arise from a combination of biological and psychological factors. Some studies suggest that intellectual factors might be important in the development of ED, although the evidence is still scarce. The aim of this study was to examine the association between cognition measurements (cognitive performance and academic achievement) and the risk of developing ED in adolescents considering their weight status. The sample consisted of 3,307 adolescents (1,756 girls), aged 13-18.5 years, who participated in the AVENA (n=1,430; 783 girls) and AFINOS (n=1,877; 973 girls) studies. Cognitive performance was measured by the TEA test in the AVENA study, and academic achievement was self-reported in the AFINOS study. ED risk was evaluated in both studies by using the SCOFF questionnaire. Body mass index was calculated to classify adolescents as nonoverweight or overweight (including obesity). Overweight adolescents showed a higher risk of developing ED than non-overweight ones in both studies. In the AVENA study, overweight boys with low performance in reasoning ability showed increased risk of ED (p=0.05). In the AFINOS study, Eur J Pediatr (2015) 174:229-236 DOI 10.1007/s00431-014-2386 overweight boys with low academic performance in physical education and non-overweight girls with low academic achievement in all the areas analyzed showed higher risk of ED than their peers (all p<0.05). Conclusion: No association between cognitive performance and ED risk was found in adolescents, while academic achievement was associated with ED risk, especially in non-overweight girls. The noncognitive traits that accompany academic achievement could influence the likelihood of developing ED in these girls.
Introduction
Eating disorders in adolescence have become a public health issue worldwide [7, 11] . Over the last three decades, there has been a dramatic increase in the prevalence of these disorders [33] , which are linked to substantial mortality and suicide risk in these ages [12, 30] . Some biological (e.g., sex, genetic inheritance, or neurobiological alterations) [15] as well as psychological factors (e.g., depression, low self-esteem, anger, sadness, or anxiety) [21, 25] may be key determinants in the occurrence and progression of eating disorders. Although the evidence is scarce and controversial, some studies suggest that intellectual factors might play an important role in the development of eating disorders [37] . For example, a low cognitive performance has been suggested as a potential predictor variable for developing eating disorders [17] , whereas a high academic achievement has been highlighted as a protective factor [6] .
However, these associations were found in adolescents with diagnosed eating disorders, who usually are underweight, or have low levels of body fat [37] . On the other hand, obesity might also have a negative influence on both cognitive and academic performance [13, 18] , making it crucial to take into account the potential role of body weight status in the association between cognition and the risk of eating disorders.
Hence, the present study aimed to examine the associations between cognition measurements (i.e., cognitive performance and academic achievement) and the risk of developing eating disorders in healthy Spanish adolescents from two observational studies, considering the potential influence of body weight status.
Methods

Study design and participants
The present study involves data from two different research projects: the AVENA (Food and Assessment of the Nutritional Status of Adolescents) [10] and AFINOS (Physical Activity as a Preventive Measure of the Development of Overweight, Obesity, Allergies, Infections, and Cardiovascular Risk Factors in Adolescents) [36] studies. Both AVENA and AFINOS are cross-sectional studies performed in Spain from November 2000 to June 2002 and from November 2007 to February 2008, respectively. The AVENA study was designed to assess the nutritional and health status of a representative sample (n=2,859) of urban Spanish adolescents aged 13 to 18.5 years [10] , and the AFINOS study was designed to assess health status and lifestyle factors through a survey completed by a representative sample of adolescents aged 13 to 17 years [36] from the Madrid region (n=2,116). The final sample used for the current analysis comprised of 3,307 adolescents (1,756 girls) aged from 13 to 18.5 years with valid data for the analyzed variables. Specifically, a total of 1,430 adolescents (783 girls) belonged to the AVENA study and 1,877 adolescents (973 girls) to the AFINOS study.
A comprehensive verbal description of the nature and purpose of each study was given to the adolescents and their parents, and written consent to participate was requested from both parents and adolescents in each study. The AVENA study protocol was approved by the Review Committee for Research Involving Human Subjects of the University Hospital "Marqués de Valdecilla" (Santander) , and the AFINOS study protocol was approved by the Ethics Committee of "Puerta de Hierro" Hospital (Madrid) and the Bioethics Committee from the Spanish National Research Council (CSIC).
Body mass index
Body mass index (BMI) was calculated as weight/height square (kg/m 2 ). The International Obesity Task Forceproposed gender-and age-adjusted cutoff points were used to classify adolescents according to their weight status in nonoverweight and overweight (including obesity) [5] . In the AVENA study, information on weight and height was obtained by standardized procedures with a Seca platform scale (Seca, Hamburg, Germany) [10, 22] . In the AFINOS study, body weight and height were self-reported by the adolescents.
The risk of eating disorders
In both studies, the risk of eating disorders was assessed by using the SCOFF questionnaire [23] . This questionnaire is a screening instrument originally designed to be routinely used in all individuals considered at risk of such disorders, and it has been validated in Spanish adolescents [29] . The SCOFF questionnaire consists of five eating-related questions about vomiting, loss of control over eating, weight loss, body dissatisfaction, and food intrusive thoughts. Answering affirmatively to two or more items of the SCOFF questionnaire has been suggested as the threshold for a suspicion of a probable eating disorder case [23] .
Cognitive performance and academic achievement
In the AVENA study, cognitive performance was measured by the TEA test (Scholar Aptitudes Test) [35] . The TEA is the Spanish version of the "SRA Test of Educational Ability" [34] . This test measures the subject's ability to learn by evaluating three areas: verbal or command of language, numeric or speed and precision in performing operations with numbers and quantitative concepts, and reasoning, indicated by the ability to find logical ordination criteria in sets of figures, numbers or letters. Direct scores ranging from 0 to 33 are obtained for each of these specific abilities.
In the AFINOS study, adolescents were asked to self-report their last semester grades in Language, Math, and Physical Education. Adolescents reported their grades in these subjects on a five-point ordinal scale (1=excellent, 2=very well, 3= well, 4=success, and 5 failure) [20] .
Participants in both studies were classified in two groups. In the AVENA study, adolescents who had higher scores (≥50th of the median cohort) were included in the high performance group, while adolescents who had lower scores (<50th of the median cohort) were included in the low performance group. In the AFINOS study, adolescents were classified in high and low achievement levels according to their answer to the question: "what marks did you get in Math, Language, and Physical Education in the last semester?". Possible answers (marks) ranged between 1 and 5; marks between 1 and 3 were considered high achievement, while marks between 4 and 5 were considered low achievement.
Data analysis
Data are presented as means and SD for continuous variables and percentages for discrete variables. The KolmogorovSmirnov test was used to evaluate the normality of all continuous variables. Differences between sexes were examined by Student's t test for continuous variables and by chisquare test for discrete variables.Odds ratios (OR) were calculated, and two-tailed Fisher's exact test was used to examine the association between weight status and the risk of developing eating disorders according to sex and the respective study. The same test was used in each study to evaluate the association between the different levels of cognitive performance and academic achievement with the risk of eating disorders in relation to weight status and sex. All statistical analyses were performed by using SPSS v.17 for Windows XP. The level of significance was set at 5 % for all tests.
Results
The descriptive characteristics for the adolescents of the AVENA and AFINOS studies are shown in Table 1 . In both studies, girls reported higher risk of developing eating disorders than boys (21.9 12.7 % in the AVENA study and 30.9 vs 16.5 % in the AFINOS study, both p<0.001). In contrast, prevalence of overweight was higher in boys than in girls (25.8 vs 17.7 % in the AVENA study and 25.1 vs 10.8 % in the AFINOS study, both p<0.001). With regards to cognitive function, boys enrolled in the AVENA study presented higher levels of cognitive performance in verbal (21.39 vs 20.04 score, p<0.001) and numeric ability (15.15 vs 12.85 score, p<0.001) than girls, whereas girls had higher levels in reasoning ability (17.57 vs 18.77 score, p<0.001) than boys. In the AFINOS study, boys had higher levels of academic achievement in language (3.25 vs 2.97 score, p<0.001) but lower levels in physical education (2.23 vs 2.46 score, p<0.001) than girls.
The associations between the risk of developing eating disorders and weight status by sex and the respective study are shown in Fig. 1 . Boys and girls classified as overweight showed a higher relative risk of developing eating disorders than those non-overweight in both studies (boys: OR=4.4 in the AVENA study and 2.5 in the AFINOS study; girls: OR=1.9 in the AVENA study and 2.5 in the AFINOS study; all p <0.001). Table 2 shows the risk of developing eating disorders associated to cognitive performance, according to sex and weight status in the AVENA study. A tendency to increased risk of eating disorders was observed in both boys and girls in the low performance group for each cognitive measurement, but without reaching statistical significance. However, a borderline significance was found in overweight boys with low reasoning ability (35.1 vs 24.6 %, p=0.050).
The results obtained in the AFINOS study for the same analysis are shown in Table 3 . In this sample, a significant increased risk of eating disorders with low academic achievement was found in non-overweight girls for all measurements (33.5 vs 25.6 % in Language, 33.6 vs 25.2 % in Math, and 36.2 vs 27.1 % in Physical Education, all p<0.05) and in overweight boys for lower achievement in Physical Education (45.8 vs 21.8 %, p = 0.002). In the other groups evaluated, a tendency to an increased risk of eating disorders was also found to be associated with low academic achievement, although it did not reach statistical significance. 
Discussion
In the present study, we analyzed the association between two measures of cognitive function, cognitive performance and academic achievement, and the risk of developing eating disorders in two large samples of Spanish adolescents considering their sex and weight status. The main findings suggest, on the one hand, that overweight boys with lower reasoning ability or lower academic achievement in physical education might present an increased risk of developing eating disorders and, on the other hand, that non-overweight girls with lower academic achievement might be at higher risk of developing eating disorders than those with higher academic performance.
Cognitive performance is defined as the capacity to perform mental processes of reasoning, remembering, understanding, and problem solving [2] . Previous studies have shown deficits on cognitive performance in patients with eating disorders [37, 38] . For instance, in 2006, Steinglass and colleagues found cognitive flexibility problems in patients with anorexia nervosa, although other cognitive functions were normal [31] . In 2008, Chui and colleagues analyzed female patients with a history of anorexia nervosa and found deficits in cognitive functioning over a broad range of neuropsychological domains (verbal abilities, cognitive efficiency, reading, mathematics, and long-term verbal memory) compared with healthy aged-matched controls [4] . More recently, Koyama and coworkers, in 2012, found that patients with restrictive anorexia nervosa and a very low body mass index showed significantly reduced full-scale intelligence scores [14] . In our study, however, low level in reasoning ability was associated to higher risk of eating disorders only in the overweight boys from the AVENA study. Academic achievement is the educational goal that a student, teacher, or institution accomplishes over a certain period, and although it is directly related to cognitive performance, it is not exactly the same [8] . A large number of factors other than cognitive abilities can help shape an individual's academic performance [24, 26] . Non-cognitive traits and skills relevant to academic achievement typically include variables such as attitude, curiosity, interest, attendance, personality or temperament variables, motivation and effort, as well as school climate, the extent of parental support and the provision of appropriate learning experiences [27, 32] . In the AFINOS study population, a significant relationship was found between academic achievement in all areas analyzed and the risk of developing eating disorders in non-overweight girls, and also between academic achievement in physical education and the risk of eating disorders in overweight boys. Associations between academic achievement and the risk of developing eating disorders have been previously reported, but results are still not conclusive. Some researchers have suggested that academic achievement seems to be related to disturbed eating behavior in adolescents [16] . In the recent years, adolescents and young adults with eating disorders have been reported to show poor academic performance [28, 38] . For example, in 2008, Yanover and coworkers examined over 1,500 young students and pointed out at a positive association between eating disturbances and interference in academic achievement. In addition, these authors found a negative correlation between academic interference scores and average final marks [38] . This allows to infer that eating disturbances may be negatively associated with academic performance represented by final marks. Alternatively, high academic performance has been suggested as a protective factor for eating disorders [6] . Other studies, on the contrary, found no differences in academic performance between adolescents at risk and not at risk of developing eating disorders [9] . Moreover, more disordered eating behaviors were reported by Livazovic and colleagues in young subjects aged 15-20 years showing high academic achievement [19] .
The data from the AVENA and AFINOS studies could suggest that the study of the relationship between eating disorders and academic performance should consider the relative contributions of different factors, like sex and body weight status, and also the non-cognitive components of academic achievement. In this regard, the AFINOS study showed an association between risk of eating disorders and low academic achievement in non-overweight girls, but the AVENA study did not find such an association with the cognitive component; we could therefore speculate that nonoverweight girls would be more susceptible to the noncognitive traits of academic achievement. In view of these results, it can be suggested that adolescents are highly susceptible to the school environment, although up to date this conclusion has not been demonstrated by strong empirical evidence. In fact, some analyses have shown that girls are more sensitive to the school-class context than boys and that they also perceived more school-related pressure [3] . In overweight boys, the explanation would be different; perhaps the ability required to obtain high grades in physical education could be related to physical ability, which may be impaired by obesity [1] .
The current work presents several limitations. The first and main one is the cross-sectional design of the studies analyzed, which does not permit to establish causal relationships; secondly, the results regarding academic achievement and weight status in the AFINOS study must be interpreted with caution because this information was self-reported by the participants. However, the use of two large and heterogeneous samples of adolescents means that these results can be generalized.
In summary, the present findings suggest a link between lower academic achievement and the risk of developing eating disorders in non-overweight girls, although this relationship may not be directly mediated by purely cognitive abilities. In boys, the relationship between cognitive performance and academic achievement is unclear, and therefore further longitudinal studies should be required in the near future in order to explore these findings.
